I. General methods
In this paper, all the synthetic steps were carried out under an inert argon atmosphere using standard Schlenk and glovebox techniques unless otherwise noted. Commercial reagents were used without any further purification. All the solvents are freshly distilled, for example, THF and toluene were distilled on sodium / benzophenone as well as acetonitrile and EtOH on CaH 2 . Dimeric [(C^N) 2 Ir(μ−Cl)] 2 complex was prepared by literature procedures. [S1] Intermediate compound B 10 H 12 (Et 2 S) 2 was synthesized by a modified method according to literature reports. [S2,S3a] Compounds a, [S3a] b, [S3a] 11c, [S3b] 11d, [S3c] and 11f [S3b] were synthesized according to literature. All NMR spectra ( 1 H−, 13 C−, and 11 B−) were obtained at ambient temperature on Bruker DRX−400 or Bruker DRX−500 spectrometer. Chemical shifts are reported relative to a: To a toluene solution (80 mL) of 11a (1.27 g, 7 mmol), B 10 H 12 (Et 2 S) 2 N Br C C (2.72 g, 9.1 mmol) was added at room temperature. The resulting reaction mixture was refluxed for three days. MeOH (50 mL) was then added to quench the reaction.
Excessive solvent was removed under vacuum, and the resulting red solid was filtered and dissolved in toluene. Then the toluene solution passed an alumina column. After removal of solvent, a white solid was afforded. The crude product was purified by column chromatography using PE / DCM (V / V = 1:1) as eluent and afford a as a white solid (1.51 g, 72%). 1 H−NMR (CDCl 3 ) δ (ppm): δ 8.50 (d, J = 2.7 Hz, 1H), 7.68 (dd, J = 2.7, 8.5 Hz, 1H), 7.50 (d, J = 8.5 Hz, 1H), 3.93 (s, 1H, carborane−CH), 3.25−1.67 (br, 10H, B−H). 13 C−NMR δ (ppm): 148.73, 144.04, 137.82, 129.15, 128.08, 72.67 (B−C) and 60.23 (B−C). 11 B−NMR δ (ppm): −1.4 (1B), −3.4 (1B), −8.5 (2B), −10.9 (2B), −11.7 (2B), −12.4 (2B 144.87, 140.58, 128.20, 126.83, 77 .36 (B−C), 76.99 (B−C) and 23.35 (CH 3 −C). 28, 144.17, 139.79, 130.81, 130.55, 129.76, 128.77, 127.43, 126.50, 85.11 (B−C) and 80.66 (B−C). 11 B NMR δ (ppm): 1.7 (2B), 1.0 (2B), −5.9 (2B), −6.7 (2B), Figure S1 . ORTEP diagrams of ligands 1f, 4a, and complexes Model, 2a, 2b, 2d, 3b, 3c, and 3e with thermal ellipsoids drawn at the 30% probability level. H atoms are omitted for clarity. Note: Although complex Model (CCDC: 1496520) has been reported, but there is no crystal structure data. Complex model was packed in an orthorhombic crystal structure with space group P2(1)2(1)2(1) (Figures 1 and S1 ). As depicted in Figure S2 , the complex model is closely packed and there are a lot of H-bonds between the different molecular layers. Because of the F atoms from both phenyl ring and PF 6 , the interactions generated by the hydrogen bonds are very strong, which might be the reason why the model complex is badly quenched in solid state. 
IV. Quantum yields determination
Absolute quantum yields of all the complexes in CH 2 Cl 2 and in solid states were measured by employing an integrating sphere. Phosphorescence lifetime studies were performed with an Edinburgh FL 920 photo counting system with a hydrogen-filled lamp as the excitation source.
Figure S10. Absorption spectra: Up) complexes for 2a, 2b, 2c, 2d, 2e, and Model; Down) complexes for 3a, 3b, 3c, 3d, 3e, and Model in degassed CH 2 Cl 2 at room temperature. Figure S11 . The compared absorption spectra of complexes for 2a, 4, and Model in degassed CH 2 Cl 2 at room temperature. Figure S12 . Solid state emission PL spectra of the iridium (III) complexes: Up) complexes for 2a, 2b, 2c, 2d, 2e, and Model; Down) complexes for 3a, 3b, 3c, 3d, 3e, and Model in solid states at room temperature under the same conditions. (λ ex = 365 nm and corresponding luminescence photographs inseted). Figure S13 . Cyclic voltammograms of iridium(III) complexes under a scan rate of 100 mV / s. VI. Cytotoxicity pH Dependence. Because of the poor solubility of complex 2d in water, the phosphorescence spectra of 2d (1 μM) were measured in mixed solvents of DMSO and pH buffer (7:3 v/v). The following buffers were prepared; KCl / HCl for pH 1-2, citric acid/Na 2 HPO 4 for pH 3-6, Na 2 HPO 4 / NaH 2 PO 4 for pH 7-8 and Na 2 CO 3 / NaHCO 3 for pH 9-11). 
V. Quantum chemical calculations

